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A(-,GL6MERA Tt:n MFTAL SHOT 

nl . invention i. .-«»■•« th ' "• d,I,m " 
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... — - — - '- 9e - h " 

rtar Hcles or by an adhesive. 
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„„.„.„.,... Ph,.e pre.erenti.uy -ett.n, 9 
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* . j u,* +hP adhesive may be 
effect on impact shaping. For b.rd shot, the 

♦ oellet to disintegrate slowly in a 
water-sensitive causing the pellet to o 

: moist, environment. 
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l„ g end ...tin,, oy P»«. -".llur,, ..*«><"«■ " b ' Sh " 
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fl uid end .-.P.- -V «.»'» •»«»'• " " 
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: „, ■„•»«.. •»». «• " ui -" t 1 " 9 * volum ° 

^production t. quit, .xten.ive. 

An object of th. present inv.ntion 1. to provide . 

* procee. .»».!.. »* P ' llCt * hSV " 

. i„ 9 9 ood ephericity, etr.n 9 th .nd d.n.lty. *"«h,r .„..«.!. 

provid. .uch pellets of h..v Y ..t.i powd.r united hy .. 
V „ , . cid-idin, „ -.or,in 9 effect. « further oo- 

|- i. to provid. .uch peli.t. »hich .ill ....»» di..nte,rete 

in a moist or aqueous environment. 

It has recently been suited that metal shot, that 
would disintegrate under moist conditions would be useful to 
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prevent the ingestion and retention of spent shot by feeding 
water fowl "and thus reduce the incidence of poisoning that is 
believed to occur. when massive shot composed of toxic mater- 
ials such as lead, is ingested. Should such a pellet be picked 
op it would disintegrate reasonably quickly in the bird's crop 
and pass through the digestive tract rapdily. For ballistic 
reasons the shot should be as dense as possible and have suf- 
ficient strength (in compression) to withstand the acceleration 
in the gun barrel, as well. as the impact of hitting the target. 

The process of the invention includes adding the 
metal powder and an aqueous liquid which wets the powder to an 
inert organic liquid and agitating to form agglomerates of 
powder plus aqueous liquid the agglomerates then being forced 
to undergo a continued impact and ricocheting action. This may 
suitably be accomplished by enclosing the mixture in an incom- 
pletely filled container having rounded inner surfaces. The 
container is then shaken at a frequency and in a pattern caus- 
ing agglomerates of the powder and aqueous liquid to undergo 
an impact and ricocheting action against the container walls. 
This shaking is prolonged until the desired balls have been 
produced. This shaking action is more fully described in 
Canadian Application 971,606 filed September 28, 1966. 

The non-aqueous or organic liquid can be any low 
viscosity compound or mixture substantially inert with respect 
to, the powder and aqueous liquid, and should form the continu- 
ous phase. Suitable liquids include petroleum spirits e.g. 
Varsol (trademark), halogenated hydrocarbons, aromatic hydro- 
carbons, silicone fluids and light petroleum oils. 

The aqueous liquid should preferentially wet the metal 
powder. It may be necessary or desirable to treat the particle 
surface to render it preferentially wetted by water e.g. by 
polar organic compounds substantially insoluble in the organi.e 
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<-«'«f raoidlv rotating blades or 
agglomerates through a series of rapidly 

a ^mrhetine action on the pellets 
vanes, sufficient impact and ricocheting 

*««o However, shaking in the 
may be achieved for some purposes. However, 

container is preferred. 

Th.-.t.l powder is desirably lead or iron but other 
Petals such as copper, alun.inu™. zinc etc, b. used. Where- 

■ no adhesive is used the *etal powder should be susceptible to 

cold welding. Lead, copper and alloys such as Wood^etal can 
be cold-welded under the i.p.ct. The particle size is not cri- 
tlca l and can be the size used for pi^ents, powder ..t.U-r.T 
£illerS and other applications. A preferred powder size is 
abo ut 0.1 - 100 »icron diameter. The powder loading should be 
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than about 35* by vol. of the organic liquid, or less 
than that giving an insufficiently fluid Pystem. 

The adhesive is not" critical but should be chosen 
to give a suitable disintegration time and strength. The 
amount of the adhesive may range up to about 50 or more % by 
volume based on the metal powder. A preferred range is 10-20* 
vol. AJhesives in dispersed or dissolved form which have been 
used -ire polyvinyl acetate, commercial mucilage, polyvinyl al- 
cohol, starch, white and orange shellac, sodium silicate, 
animal glue and dextrin (in order of decreasing disintegration 
times in water). Thermosetting or po I ymer i z a b 1 e adhesive* 
dissolved or dispersed in water can also be used. 

The following Hxamples are illustrative. 

Example 1 

T.ne_ following ingredients were added to a polytetra- 
f luoroethylene-lined cylindrical container (capacity 100 «; c ) 
having rounded ends and shaken in a three dimensional pattern 
in a Pica Blendor for 10 minutes. 

Powdered lead (-200 mesh) 2 6 gm. 

20 Petroleum aliphatic solvent (Varsol) 30 cc. 

Polyvinyl acetate emulsion (55* solids) 1.6 cc. 
Lead spheres about 0.080 inch diameter wore obtained 
on separation from the solvent, and were dried at 100°C for 2 
hours. The pellets contained about 25% adhesive by volume and 
had a crushing strength of more than 10 lbs. The density was 
about 9 gm/cc. (massive lead about 11.3). Disintegration time 
in water was about 10 days. Ballistic tests were satisfactory. 
b xamp 1 e 2 

Similar to Lxample 1 except the fol lowing proportions 
and a %■••< Mixer Mi L I were used: 

Lead powder (-325 mesh) 75 qm m 

Petroleum aliphatic solvent (Varsol) 50 ml. 
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Example 2 continued 



Polyvinyl acetate emulsion 

( 4836 solids in water) 3j0 ml. 

Shaking For 10 minutes gave quite uniform spheres 
about 0.12 inch diameter and of. density 8 gm/cc. Disintegra- 
tion Lime in water varied from several days to two weeks. 
Li xamp I e 3 

Similar to Example 1 except the' following ingred- 
ients were used. 

10 ' Iron powder (-325 mesh) 18 gm. 

Petroleum aliphatic solvent (Varsol) 50 ml. 

Commercial mucilage {45% solids in 

water) 1.9 niL. 

Shaking for 10 min. gave quite uniform spheres about 

0.06 inch diamet,er and of density 5 gm/cc. 

The crushing strengths of the spheres from Examples 

2 and 3 were approximately proportional to the square of the 

diameter indicating uniform binding throughout the pellet. 

j \ Crushing strengths (calculated for one inch pellets) ranged 

20 from about 1200 - 2400 lbs/. The size of the pellets was varied 

slightly by changing the speed of shaking and/or the amount and 

composition of the adhesive. 

Further examples with load and adhesive showed that 

with less adhesive considerably increased density and a more 

permanent structure were obtained. In the absence of adhesive, 

bonds were produced apparently by a cold-welding or -forging 

effect. Densities as high as 10 were obtained indicating a void 

volume of about 1036 only. Although these shot were very strong,. 

accurate crushing strengths were difficult to estimate owing to 

30 plastic flow. 

More permanent bonding of the primary particles (and 

more strength) is available through the selection of suitable 
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adhesives for each metal, the use of solvents (as bridging 
liquid) capable of allowing recrys ta 1 1 i za t i on of the adhesive 
solids at the junction points, the use of clean or activated 
particle surfaces and/or through a final sintering or heat 
treatment. 
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1. A process for. forming strong pellets from finely 
divided metal powders in a non-aqueous liquid phase, the 
metals or alloys being, co 1 d - we ldab 1 e when no adhesive is used 
comprising: ' 

(a) adding the nietal powder, and minor amounts of 
aqueous 'fluid ' t;'o sufficient inert non- aqueous liquid 
to form the continuous phase in a fluid system. 

(b) "subjecting the flu^ld mixture to agitation to 
form dispersed agglomerates of powder and aqueous 
fluid in the non-aqueous liquid; 

(c) causing the agglomerates to undergo a continued 
. impact and ricocheting action against non-resilient 

surfaces at a glancing angle, and prolonging this 
action until the agglomerates are formed into the: 
desired pellets; and 

(d) removing the pellets from the non-aqueous 
liquid 1 . 

2. The process of claim 1 wherein the agglomerates are 
shaken in a three dimensional pattern in a closed partially- 
filled container. 

3. The process of : claim 2 wherein the container has 
rounded inner . surfaces which are inert with respect to the two 
liquids. 

4. The process of claims 1, 2 and 3 wherein the aqueous 
fluid consists essentially of water. 

5. The process of claims 1, 2 arid 3 wherein the aqueous 
fluid comprises an adhesive in amounts ranging up to about 

5 0% vo l . based- oh the me tal-. . _ 

b. The process of claims I, 2 and 3 wherein the aqueous 

A luid comprises an adhesive which will disintegrate in a moist 
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environment- 

7 . The process of claims 1, 2 and 3 wherein the metal 

is lead of particle size -200 mesh and the pellet size Is 
from about 0.01 to about I Inch diameter. 

r c ~i„4^o i 1 and 3 wherein the non- 

8> The process of claims l , £ ana j 

aqueous liquid is aliphatic hydrocarbon. 

9 . The process of claims 1 , 2 and 3 including a fur- 
ther stepof heat-treating the pellets. 

10 . Strong spherical agglomerates of powdered metal bonded 
by at least one of (a) a minor amount of an aqueous-base adhesive, 
and (b) cold-welding between powder particles. 

xl . . Bird shot pellets according to claim 10 which will 

disintegrate In a moist environment, comprising agglomerated 
powdered lead bonded by a minor amount of a wa t er - di s in t egr a t ab 1 e 

adhesive. 

12. Bird shot pellets according to claim 10 which will 

disintegrate in a moist environment, comprising agglomerated 
powdered iron bonded by a minor amount of a va t er- di si n t egr a t ab 1 e 

adhesive . 
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